This review summarizes the chemical composition reported up to date on Laurus nobilis L. (Lauraceae), an evergreen shrub or tree cultivated for its aromatic leaves and ornamental interest. It has been focused on non-volatile phytochemicals such as sesquiterpene lactones, flavonoids and proanthocyanidins, among others. Moreover, biological activities of laurel extracts and pure compounds have also been reviewed.
Alkaloids:
The presence of alkaloids in laurel tree has been detected in several occasions by simple phytochemical tests [31, 32] . However, only one more in-depth work has been reported on their isolation [33] . Thus, ten alkaloids (1-10) have been found in an ether extract of laurel leaves [33] , five of them being noraporphines (2, 4, 6, 8, 9), four being aporphines (3, 5, 7, 10), and just one (1) being a benzyltetrahydroisoquinoline-type alkaloid ( Figure 3 , Table  1 ). Compound 9 has also been isolated from roots, and 1, 4 and 8 are found in both stem bark and roots [33] . (+)-Launobine (8) has also been obtained from laurel wood [34] . The noraporphine 4 has been reported as the major component in laurel tree [33] . Sesquiterpenoids: It was reported in 1971 [35] the isolation from laurel roots of the first sesquiterpene lactone: laurenobiolide (11) . Since then, ten more lactones with a germacrane skeleton (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) have been isolated from roots [36, 37] , fruits [38, 39] and leaves [37, [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] (Figure 4 ). Dehydrocostus lactone (22) , zaluzanin D (24) and eremanthin (26) were the first lactones isolated from laurel with a guaiane skeleton [38] , and santamarine (28) and reynosin (31) the first ones with a eudesmane skeleton [40] . More guainolides (23, 25, 27 ) and eudesmanolides (29, 30, 32-47) were further isolated from both laurel fruits and leaves (Table 1) . Lactone spirafolide (48) , found in leaves [42, 46] and fruits [39] , has a rare molecular structure carrying an oxepine ring, and lactone 49 was a new sesquiterpene derivative [50] . Although not everyone agrees [55, 56] , it is thought that all these -unsaturated--lactones could be behind of some reported allergic contact dermatitis caused by laurel leaves [57] .
From a pharmacological viewpoint, lactones costunolide (16) and dehydrocostus lactone (22) seems to be the most important ones, what justifies the need to find and improve the analytical methodology to establish the contents of 16 and 22 in leaf samples to develop regulations for bay leaf raw material [58] . In addition to this group of sesquiterpene lactones, which represent a characteristic group of phytochemicals in L. nobilis, other sesquiterpenoids have been isolated from methanol or chloroform extracts of laurel fruits [38, 39] and leaves [41] [42] [43] [44] 47, [52] [53] [54] Norisoprenoids: Twelve C 13 norisoprenoids (73) (74) (75) (76) (77) (78) (79) (80) (81) (82) (83) (84) have been isolated from a methanolic extract of laurel leaves by countercurrent chromatography and further HPLC purification ( Figure 5 , Table 1 ) [47, 59] . All of them are megastigmane glucosides, with the exception of 4,5-dihydroblumenol A (77) and blumenol C (82) , which are sugar-free terpenoids. Compounds 73, 74, 76, 80, and 81, named lauroside A-E, were new natural products. authors have measured the total phenolic content (TPC) of hydroalcoholic extracts of laurel leaves [48, [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] , branches [77] and roots [77] . The TPC obtained by each author was different from one to another (from 53 to 9200 mg of gallic acid equivalent/100 g of extract). These variations may result from differences in time, temperature, solvent, and extraction methods.
Among all kind of phenolic compounds present in laurel tree, simple phenolics have poorly been analyzed. They have been studied in laurel leaf's hydroalcoholic extracts, whereas other parts of laurel tree have not been investigated yet. In most cases these compounds (85-104) have tentatively been identified by HPLC [67, 72, 78, 79] or HPLC-MS [80] ( Figure 6 , Table 1 ).
Tocopherols:
Four tocopherols (, , , and ) have been detected in laurel leaves [27] and seeds [23] (Figure 7 ). Among them, -and -tocopherols are the most abundant in leaves, while -tocopherol is the predominant one in seeds. In both laurel organs (leaves and seeds), -tocopherol is the less abundant component. Moreover, other authors have detected -tocopherol in leaves [77, 81, 82] , branches and roots [77] , -tocopherol in branches and roots [77] , and -tocopherol in leaves [81, 82] . Flavonoids: Flavonoids are the main phenolic constituents of laurel leaf's alcoholic extracts, chemically based upon a fifteen-carbon skeleton consisting of two benzene rings A and B linked via a heterocyclic pyrene ring (C) ( Figure 8 , Table 1 ). Flavones and flavonols are the main flavonoids in alcoholic extracts of leaves. Apigenin (116) , kaempferol (131) , quercetin (162) and their glycosides are also frequently found [27, 80, [83] [84] [85] [86] [87] . In the flavone group is mainly observed C-glycosidation at C-6 or C-8, while in flavonols predominates O-glycosidation at C-3. On the other hand, flavan-3-ols are the main flavonoids in laurel wood's ethyl acetate extracts, (−)-epicatechin (105), (−)-epigallocatechin (106) , and (+)-catechin (107) being recently isolated from a Spanish sample [88] . Moreover, four anthocyanins (121, 122, 154, 155) have been detected in laurel fruits from Italy [89] .
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Proanthocyanidins:
Proanthocyanidins are oligomers of flavan-3-ol units and are the main phenolic compounds of laurel wood's ethyl acetate extract [88] (Figure 9 , Table 1 ). The trimeric procyanidin cinnamtannin B-1 (180) is the major proanthocyanidin of laurel wood [88, 90] . This trimer has also been isolated from laurel leaves but in a lesser amount [86, 87] . The quantitative proanthocyanidin composition of laurel leaves has recently been studied by Vinha et al. [63] . They reported that dimeric proanthocyanidins were the most abundant ones in that organ. Most of the works related with proanthocyanidin composition of laurel tree made just tentative elucidations by mass spectrometry. For instance, Dias et al. [27] have detected in leaves three dimeric, three trimeric and three tetrameric procyanidins. Unfortunately, they could not make the complete elucidation. However, the analysis of characteristic mass fragmentation pathways of proanthocyanidins has allowed a better accurate identification of them in laurel wood [88] . In this way, it was possible to achieve the tentative identification of four dimeric (170 [88] . This work has revealed that laurel wood is a very interesting raw material for the isolation of proanthocyanidins.
Other phenolic compounds: Other phenolic compounds detected in laurel leaves were structural derivatives of caffeic and coumaric acids [80] . Frequently, these compounds are esters of those acids with quinic or 3,4-dihydroxyphenyllactic acids (192-194, 196, 197) . Also four lignans could be isolated from a laurel leaf hydroalcoholic extract [59, 91] (Figure 10 , Table 1 ).
Others: In addition to the laurel components described above, other compounds were also found in laurel tree. Four sugars (fructose, sucrose, glucose, and trehalose) [27, 92] Figure 8: Flavonoids found in laurel tree.
Figure 9:
Proanthocyanidins found in laurel tree. (oxalic acid, malic acid, and ascorbic acid) were detected in laurel leaves by HPLC [27] . Moreover, a benzyl ether derivative was isolated from laurel leaves [59] .
(Epi)catechin-(4→8)-(epi)catechin-(4→8,2→O-7)-(epi)catechin-(4→8)-(epi)catechin
Biological activities: Laurel tree has been used since ancient times as a medicinal plant and for this reason their biological activities have been studied in depth [1, 2, 5] . This review will cover some of the more important biological activities of laurel tree extracts and essential oils.
Antimicrobial:
Essential oils from leaves of L. nobilis have been reported to inhibit a broad spectrum of microorganisms [48, .
This antimicrobial activity seems to be related with the amount of 1,8-cineol present in the sample, which is the main component of laurel leaf essential oil [112] . Moreover, the essential oil and the fixed oil of laurel seeds have also been reported as antimicrobial agents against a selection of Gram-positive and Gram-negative microorganisms [93] . Other authors have studied the antimicrobial activity of laurel leaf hydroalcoholic extracts against several pathogens, showing interesting inhibitions against Klebsiella pneumoniae [27, 69] , Staphylococcus aureus [69, 120] , Paenibacillus larvae [121] , Bacillus cereus [27] , Micrococcus flavus [27] , Listeria monocytogenes [27] , Escherichia coli [27, 120] 
Figure 10:
Other phenolic compounds found in laurel tree.
cloacae [27] , Bacillus subtilis [120] , and Staphylococcus epidermidis [120] . Ramos et al. have compared the antimicrobial activity of leaf essential oil and leaf hydroalcoholic extracts against a selection of pathogens. They finally concluded that the essential oil of L. nobilis is more active against the selected strains [122] .
On the other hand, antimicrobial activities of hydroalcoholic extracts of other part of laurel tree like fruits [123] , bark [123] , flowers [123] and seeds [26] have been also studied against several pathogens. These studies showed the potential of these laurel extracts in treating microbial infections.
Other authors have performed activity-guided fractionations of laurel leaf alcoholic extracts achieving the isolation of some antimicrobial active compounds: deacetyllaurenobiolide (12) [51] , (132) [83] , fucoidan, laminaran and alginate [93] . Moreover, cinnamtannin B-1 (180) and procyanidin B-2 (182), isolated from laurel wood ethyl acetate extract, present interesting antimicrobial and antibiofilm activities against a selection of foodborne microorganisms [124] .
Antifungal: Essential oils from leaves of L. nobilis have been reported to inhibit a broad spectrum of fungi [48, 99, 101, 113, 116, [125] [126] [127] [128] [129] [130] [131] [132] [133] [134] [135] [136] [137] [138] [139] [140] [141] [142] . This activity also seems to be related with the content of the major constituent of the essential oil: 1,8-cineol. In that way, essential oils with a high content of 1,8-cineol presents lower antifungal activities than oils with smaller amounts of this monoterpene [135, 143] . It seems that essential oils with high amount of phenolic compounds have more important antifungal activities [135] .
On the other hand, some authors have studied the antifungal activity of hydroalcoholic extracts of laurel leaves [27, 51, 120, 123] , fruits [123] , bark [123] and flowers [123] . Moreover, activity-guided fractionations of laurel leaf alcoholic extracts have allowed the isolation of deacetyllaurenobiolide (12) , which presents antifungal activity against Candida albicans, Cryptococcus neoformans, and Aspergillus fumigatus [51] .
Anticonvulsant:
The anticonvulsant properties of laurel leaf essential oil have been evaluated against experimental seizures induced by maximal electroshock or pentylenetetrazole in mice. It was observed that mice were protected of seizures due to some component of essential oil such as methyleugenol, eugenol and pinene [144] .
Trypanocidal: Methanolic and chloroformic extracts of dried leaves of L. nobilis presented trypanocidal activity against Trypanosoma cruzi, the etiologic agent of Chagas' disease. This activity is mainly due to the guaianolides dehydrocostus lactone (22) and zaluzanin D (24) , and to a p-menthane hydroperoxide [145] .
Inhibition of ethanol in blood:
Methanolic extracts of dried leaves of L. nobilis potently inhibited the elevation of blood ethanol level in ethanol-loaded rat. This activity is mainly due to costunolide (16), dehydrocostus lactone (22) , and santamarine (28) , being the -methylene--butyrolactone moiety essential for the preventive effect on ethanol absorption [41] .
Insecticidal and molluscidal:
The essential oil of laurel leaves could play an important role in stored product protection, reducing risks associated with the use of synthetic insecticides and, hence, it may become an interesting alternative to conventional chemical control strategies [146] [147] [148] [149] . The insecticidal activity was tested for volatile toxicity against several pests: Tetranychus urticae [150] , Ephestia Kuehniella [149, 151] , Plodia interpunctella [149] , Trialeurodes vaporariorum [152] , Cryptolestes ferrugineus [148] , Tenebrio molitor [148] , Aphis gossypii [153, 154] , Tribolium castaneum [146, 147, 155] , Rhizopertha dominica [146, 147] , Oryzaephilus surinamensis [146] , Sitophilus oryzae [146] , Artemia salina [156] , Psoroptes cuniculi [157] , Acanthoscelides obtectus [158, 159] , Culex quinquefasciatus [160] , Bemisia tabaci [161] , Aedes aegypti [162] , Pediculus humanus capitis [163] , Culex pipiens molestus [164] , and Tribolium confusum [165] . Several authors have also investigated the role of some pure compounds present in laurel leaf essential oil showing that 1,8-cineole is the main active constituent [146, 147, 166] . Moreover, apolar and polar laurel leaf extracts have also insecticidal activity against Bursaphelenchus xylophilus [167] , Varroa destructor [121] , Acanthoscelides obtectus [159] , and Sitophilus oryzae [168] .
Antidiabetic: Diabetes is a disease that is characterized by high blood glucose (hyperglycemia) due to a total or partial insulin deficiency. This enhancement of blood glucose could produce several cardiovascular disorders, including platelet hyperactivity and hyperaggregability, which is associated to an increased oxidant production and abnormal cytosolic Ca 2+ mobilization [90] . One approach to decrease postprandial blood glucose levels is to postpone glucose absorption by inhibiting some enzymes like α-amylase or α-glucosidase, which are digestive enzymes that hydrolyze carbohydrates. To this end, several authors have checked hydroalcoholic extracts [64, 169, 170] , acetone extracts [171] and the essential oil [172] of laurel leaves. In that way, Dearlove et al. observed that a hydroethanolic extract inhibited fructose-mediated protein glycation [169] ; Yanardag et al. observed that the administration of an ethanolic extract produced a significant decrease in blood glucose levels in diabetic rabbits [170] ; Indrianingsiha et al. determined that a methanolic extract inhibited the α-glucosidase [64] ; Kazeem et al. reported that acetone extracts have glucose antyglycation activity in bovine serum albumin (BSA) [171] ; Basak et al. described the α-glucosidase inhibition of a laurel leaf essential oil and its three main components: 1,8-cineole, 1-(S)-α-pinene, and R-(+)-limonene [172] .
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Moreover, in order to reduce the risk of thrombotic and ischemic events in diabetic disease, it has been observed that the trimeric procyanidin cinnamtannin B-1 (180), isolated from a laurel wood ethyl acetate extract, reduces abnormal intracellular Ca 2+ homeostasis and platelet hyperaggregability in type 2 diabetes mellitus patients [90, 173] . Antioxidant: L. nobilis extracts and essential oils have been extensively investigated in terms of antioxidant activity. Hydroalcoholic extracts of laurel leaves are the most investigated ones. For this purpose it has been used different methods, such as DPPH radical scavenging [27, 60, [63] [64] [65] [66] [67] [68] [69] [70] [71] 73, 74, 78, 84, 122, [174] [175] [176] [177] [178] [179] [180] [181] [182] , hydroxyl radical scavenging [175, 177, 179] , superoxide radical inhibition [74, 174, 177, 179] , hydrogen peroxide scavenging [64, 74] , lipid peroxidation inhibition [27, 73, 183] , phosphomolybdenum method [69] , ABTS radical scavenging [68, 70, 71, 75, 87, 175, 176, 181, 184] , bovine brain peroxidation method [29] , -carotenelinoleic acid [27, 29, 64, 67, 78] , ferric reducing antioxidant potential (FRAP) [27, 64, 70, 71, 73, 122, 176, 184] , oxygen radical absorbance capacity (ORAC) [71, 76, 185] , superoxide dismutase (SOD) [71] , alkyl peroxy radical scavenging [98] , and cyclic voltammetry [186] . Moreover, the activity-guided isolation of antioxidant active compounds has been performed for several authors, achieving the isolation of the main contributors of the antioxidant power from hydroalcoholic extracts of laurel leaves. In that way four active flavonoids were isolated: kaempferol (131) [84] , kaempferol-3-rhamnopyranoside (141) [84] , kaempferol-3,7-dirhamnopyranoside (133) [84] and isoquercitrin (159) [98] .
Other solvents have also been used for the extraction of antioxidants from laurel leaves: acetone [171, 184, 187] , diethyl ether [177] ; chloroform [86, 177] and ethyl acetate [177] . Among all these solvents, acetone and ethyl acetate get the most active extracts [171, 177] .
Essential oils from laurel leaves have also been studied to determine their antioxidant activity [26, 48, 62, 102, 105, 111, 117, 172, [188] [189] [190] [191] [192] [193] . Moreover, some authors have used different extractive methods in order to enhance the antioxidant activity of the resulting essential oils. Thus, enzymes [62] , supercritic CO 2 [48] or microwave heating [188] have been used to increase the antioxidant power of the essential oils.
Other organs of laurel tree have also been analyzed for their antioxidant properties. In that way, hydroalcoholic extracts of fruits [183, 194] , bark [183] and seeds [26] , and laurel seed essential oil [23, 191] present antioxidant activities. Among all these extracts, the methanolic extract of laurel bark presented the most important antioxidant activity [183] .
Anti-inflammatory: Different laurel leaf extracts have shown antiinflammatory effect through different mechanisms. For example, a dichloromethane-methanolic extract presented anti-inflammatory activity on the murine fibrosarcoma L929sA cells via regulation of NFB factor [195] . A methanolic extract also presented antiinflammatory effect in lipopolysaccharide (LPS)-activated mouse peritoneal macrophages via inhibition of nitric oxide production [42] . In this case, the sesquiterpene composition of the methanolic extract is the main responsible of such kind of activity, being the most active compounds the sesquiterpene lactones costunolide (16) and dehydocostus lactone (22) [42] . Other compounds isolated from methanolic extracts like megastigmanes and flavonoids also inhibited the nitric oxide production in lipopolysaccharide-activated murine macrophages [47, 59 ]. An ethanolic extract exhibited antiinflammatory effect in lipopolysaccharide monocytes RAW 264.7 macrophages [196] . Also a dimethylsulphoxide extract presented this kind of anti-inflammatory activity in a lipopolysaccharidestimulated macrophage model via reducing the expression of COX-2 and by the decrease of pro-inflammatory interleukin (IL)-6 [197] .
Moreover, the essential oil of laurel leaves has important antiinflammatory and anti-nociceptive activities in male NMRI mice and Wistar rats [198] . In control animals, subplantar injection of formaldehyde produced a local edema which is significantly inhibited in a dose-dependent manner by the essential oil. This antiinflammatory action is in agreement with the reported antiinflammatory activity of some constituents of the essential oil [199] [200] [201] .
Anticancer: Polar and apolar extracts and essential oil of laurel fruits and leaves present important anticancer activities for various types of cancer, such as leukemia [45, 50, 52, 94, 191, [202] [203] [204] , fibrosarcoma [195] , neuroblastoma [205] [206] [207] , liver [27] , breast [14, 27, 208] , ovarian [39] , prostatic [209] , colon [27, 96, 210] , colorectal [96] , renal [209] , skin [211] , cervical [27, 212] , lung [27, 213] , and intestinal cancer [50] .
The anticancer activities of these extracts have driven the bioactivity-guided isolation of the responsible active compounds. Thus, lauroside B (76), a megastigmane glycoside from a methanolic extract of laurel leaves [211] ; kaempferol-3-O-pcoumarate (134), a flavonoid from an ethyl acetate extract of laurel leaves [85] ; costunolide (16) , santamarine (28) , reynosin (31), 11,13-dehydrosantonin (42), gazaniolide (45) , spirafolide (48) , and lauroxepine (65), sesquiterpenoids from a methanolic extract of laurel fruits [39] ; anhydroperoxycostunolide (21) and 3-oxoeudesma-1,4(15),11(13)triene-12,6α-olide (43), sesquiterpenoids from a hot water extract of laurel leaves [94] ; dehydrocostus lactone (22) and 3-chlorodehydrocostus lactone (25) , sesquiterpenoids from a petroleum ether extract of laurel leaves [50] ; costunolide (16), dehydrocostus lactone (22), 3-chlorodehydrocostus lactone (25) , and lactone 49, sesquiterpenoids from a chloroform extract of laurel leaves [50, 207] ; lucentolide (20) , anhydroperoxycostunolide (21) , santamarine (28) , reynosin (31), hydroperoxide-magnolialide (32), magnolialide (35) , 3-peroxyarmefolin (36), 11,13-dehydrosantonin (42), tubiferin (44) , some more eudesmane lactones (30, 33, 34, 37, 38, 47) , and several -hydroxyesters (60-64), all sesquiterpenoids from a dichloromethane extract of laurel leaves [52] , have been isolated as the active compounds.
Although leaves and fruits of L. nobilis are the organs of the plant more studied in terms of anticancer activity, laurel bark has also been studied. Xu et al. observed that water and ethyl acetate extracts of laurel bark presented telomerase inhibitory effects on HL-60 cells, and moreover, the same extract of laurel leaves did not present any inhibitory effect [204] .
